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Thesl 3 

--:   Magneto   Testing  and  Desi£n    : — 

Oiir    thesis,    rs   the    title    implies,    embod- 
ies  a  variety  of   tests   made  by  means  of  a  General 
Electric   Oscillograph  on   an  oli   and  a  new  Pfan- 
s^iehl,    type  C3,    make   and   brefik  miagneto ;    along 
with  the    design  of  a   comparr tively  nev^-   type    of 
magneto,    vstiich  is  fully    described   in  the    follow- 
ing paragraphs. 

The   first  mechir.e  under  test,   ss  previ- 
ously  stated,   was   an  old  Pfanstiehl  type  03, make 
an^.  break  magneto,   having  three    bar  magnets    of  the 
ordinary   U  shape.        The  ermature  consists  of  a 
core   built    to  resemble    an  H  sboiit   vhich    the  coil 
is  vv'ound  lengthwise,   the  Vvhole   revolving  in   the 
magnetic  field.        V/e    fastened  a    fly  wheel  8"   in 
diameter   to   one   end  of  the   arms.ture    shaft    ani    to 
the   oth"ir  end  we   f^stened  a   contact  ma  :ing  device, 
being  nothing  more    thrn  a  round  ring  2"   in  die. 
and  about   1/4"  wide,   half  of  vh  ich  was    fibre  ind 
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half  brass,    so  thf^.  we  h-^*d  at    the  rim  180     of 
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conductor   rr.aterif-l  ani  18C      of  insulat  ir^  mater- 
iel.       By  means    of    a  little    copper  brush  which 
we.p    allowed  to   rub   on  this   me  ke   end  break   device 
we  were   enabled   to  collect  the    ciirrent   from  the 
magneto    and    also  had  a   means   of  making  or   breek- 
ing  the   circTiit  ;;t  an;-   position  of  the   armature 
desirable.        \7e   drove    the   mrgneto   frorr.  a   1/8  H.P. 
D.C.   motor  oonr.ected  to   the  power  mains,    cud   by 
means   of  a  regulating  rheostat   we   wero  enabled 
to    Pttain  various   speeds  ranging   from  5C   to   450 
R.P.M.        For    the   first   set  of  curves    shown  by 
figs.    1,    2,    3,    and  4,   we    drove    the   magneto   at  a 
constant    speed   of  222  R.P.I!,    and  by  means    of  the 
small  make   and   break  device,   previously  described, 
we   changed  the   position  o"^'  the  armature   at   the 
point   of  ccjntact   for  each   curve.        By  means   of  a 
variable    shunt   resistanc-    connected   directly  to 
the  magneto   Fnd  from  which  a  pair  of  leads  ran  to 
the  vibrator  coil   of   the   oscillograph  we  were   en- 
abled to  get   the  right  sized   deflection   for   photo- 
graphing.       The  films   used  in  photographing   the 
curves  were  3A  Premo    film  pack,    size   3   1/4"   x  5   1/2". 
These    films  wer^^  placed,    one   each,    in  a   drum  which 
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rotated  on   p   shpft,    an?    he?,  p    split  in  the   bot- 
tom  through  which,    vrhen   openei,    lifht    was   f- 11  owed, 
to   pass   an3.  thus  expose    the   film.        This    drum 
rrs   rotated   at   a  speed   of  75  R.P.M.,   beinf  approx- 
ir.ately  1/3   the  speed  of  the  mpgneto.      The    drum 
was   driven  directly   from  h  small   D.C.   motor   taking 
110^   fror.   the   power  miP.ins,   pnd    b--  meariS    of  a  reg- 
ulating rheostPit   connected   in   the  armrture  cir- 
cuit  we  were  enrbled  to  get   a  wide  rr  nge    of  speeds. 
In   this    marner   the  four   current   ciu'vea   shown  by 
figs.    1,    2,    3,    rnd  4  were   photographed,    an-^    the 
positions   of   the  armature   it    the    point    of  contact 
for   each   curve   ere  shown   in  log   sheet  ITo.l.      The 
current  was   carefully  cflibratea    by   sending  a 
knov.'n  current  throu£-h  rnd  measuring   the    deflection. 
This  was    done    by   connecting   the    shiint   resistance, 
previously  mentioned,    to   the   power  mr  ins,   having 
a  load  rheostat   in  the    circuit,   end  a  D.C   ammeter- 
Then  we  sent    through   tne   oscillograph  a   definite 
remount  of  current  en  1  on  v  piece    of  cross-section 
paper  wr    cpre  fully  measured  the  deflection   of  this 
current.      Then  we   were  able   to  calculate   the  l  moimt 
of   Giirrent   for    rll   other   deflections.        In   fig.    1 
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the   position   oi'  the    arir.ature   it   the  point   oT  con- 
tact ras    130     from  the    zero   position.        The  curve 
shows  us    R  rr  ther   abrupt   rise    in   current    to   Pboi;t 
.22  amp.,    an:i  then  f    compare tively   slow  drop   to 
about    .10  amperes  where   the    circuit   is  broken  ani 
the    current    irnrieAiately   drops    to   zero.      In  ?ig-.2 
we   hfve    f    quick  rise    of  current    to  ap  >roximately 
.17  amperes,    then  a   long  drop,   the   current   revers- 
ing in  direction   to   about    .10  rmperes   before  the 
breek   comes.        The   position  of  the   armature    at    the 
poltt   of  contact  for    thip   curve    is   the    zero  posi- 
tion.     This  position   is    shown  in  lop:  sheet  llo.l- 
Fig .   3,    in  which  the  position   of   the   arneture   at 
the  point   of  contact  was    90      from   the    zero   posi- 
tion,   sh0'"s   approximately   the   samie   rise   in   cur- 
rent  as    fig.l,  ani    the    -am^e   3rop   ey-cept    that  the 
brerJi   comes  ft  about    .13  amp.    instead  of   .10  am- 
peres.       In   fig. 4  re    fini   thf  t    the    current   is 
still   reversed  ft  the   point    of  contfct   ml   it    trav- 
els  in  this   direction   for  f    short    littance,    then 
rises   q^xickly  to   about    .22   Pmp.,    and  breaks    at 
about    .21  amperes,    raa.king  a  rather   peaked  wave. 
The   position   of  the  frmature    r-.t    the   point   of  con- 


tcct ,    for   this  ciirve ,    was    40      from  th"    zero  posi- 
tion. 

?ollo"'in£'  this  we    took  a   set  of  readings, 
shovm  in  log-  sheet  lTo.2;    for    the  verioiip   positions 
of  the   frim^.txire    at    the  point    of  contrct,    mentioneV 
in    the   previous   paragraph.        From   this  date   we 
plotted  the  curves,    shovn   in  figs.    23,    24,    25  and 
26,   which    ahovr  us  the   relation  of   the  maximum  cur- 
rent   to   the   speed  of  the   rvgneto   in  li.P.I'.   Curves 
23,    24,    and  25  rre   identical,  7>-hich   shows   that    for 
a  wif'e   range    of  positions   of  the    ermf  ture  at   the 
point    of  contact,   we  get  the  sacie   rise    in   current 
v.slue ,    with  the    srme   increrse   in   speed.      Curve   26 
shows   a   convSid  erahle   decrease   in   current   over   the 
other   curves,    the  position  of  the  arm  at    the   point 
of   contf  ct   heing  the    zero  position. 

The   next    set  o^  curves,    figs,    b,    6,    7  and 
8,   were  photographed  in  the  sane   manner   as   figs. 
1,    2,    3  and   4  except    that   the    armctxire    in  this   case 
was    short   circuited  fnd  the   make   r  rJ    break  device 
war,  not  used.      The   curves  were  tr<ken    for  4    differ- 
nnt   speeds   ranging   from  70  R.P.!'.    to   406  R.P.M. 
The  data   for   this   set  of  curves   rre   shown  in   log 
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sheet  ITo .    3.        Upon   invpstip'ition  we    fin.^    thr.t 
an  increase    in  current  ani    the   curves   also   ten  Is 
to   approach  more   nearly  a   sine   curve   v;ith  each 
increase    in   speed.        The  current    calibration  is 
the   srrne  at-   in   figs.    1,    2,    3,    and  4,   as   we   used 
the   same    shunt  v.'ith  the    sliding  contact   in   exact- 
ly the   ce.me   position. 

The  ITew  Type      G3  Pfanstiehl  Magneto. 

The    second  magneto   which  was   tested  was 
ot   the  three   bar    type,   with  a  rotating  armtture 
of   the    "H"   shape.      This  rnpgneto   differs   from  the 
one   previous]  y   tested   in  t  hr- 1    it   is   constructed 
to    develop  j^    greater   current   f^t   e    lower  voltage. 
It   is  the  new  tj'-pe  03  Pfanstiehl  I'.agneto,    mpnu- 
factured  by  the  Pfanstiehl  Electrical  Co.,   ITorth 
Chicago,    111.        Thp    construction  is   similar  to 
the    old  type  magneto   previously  3escril)'=d. 

The    end  of  the  shaft  protru'^ing   from   the 
instrument  hed    a  heavy  pulley  f  bout    eifht   inches 
in   diameter    fastened    on  to   it.        This  pulley   acted 
rlso   as   a   flywheel   to  produce   a  constant    rotation 
of   the    armfture.        The  magneto   was    driven  at  vj-ri- 
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7 
ous   speeds   by  a    sire  IJ    D.C.   motor  belted   to    the 
pulley   on   the   armature   shaft.        A  rheostat   in 
the   anna  ture    circuit    of  the  motor    allowe3   the 
speed  1 0  be   vrried   to  any   desire  I  value.      On  the 
other   end   of  the   armeture    shaft  was  placed  the     con- 
tact making  device,    by   -.vhich    the    circuit  was   bro- 
ken  or  made    at    eny    desire  1   position   of  the    arrnr- 
ture  .        TThen   oscillograms   v.'ere    lesired  with  the 
arn£  ttire    short-circuited,    this    device   was   not 
used.        In   obtaining  all   the    ciirrent   curves    or 
oscillograms,   r    shimt  was  used  to  vary  the   cur- 
rent passing  throuf'-h  the   vibrator   of    tne   oscillo- 
graph.     By  changing  the   resistance    of  this   chunt 
by  mef.ns    of  e    sliding    contact,    the  deflection   of 
the  spot  of  light   from  the  vibrator  of  the   oscillo- 
graph coiil^    be   varied. 

The   OFcillograpn  is  a   machine   or   ins tru- 
iTK  nt    for   oot:  ining  photographs   of  electric  waves. 
iir.  arc   light   is  plrced  outsi'e  the   box  containing 
the    instrument,    which   box   is    light-proof.        This 
arc    light   is   allowed   to   shine  upon   one,    two    or 
three    little   mirrors    fastRned   to   vibrv.tors  which 
are   connected  in  any  circuits    desired.      These  vi- 
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brr.tors   OBcillete  accordinr:  to  the  cxirrent  pas- 
sing throufh  then,    ml    so  move    the   spots   of  lirht 
vt-ich  they  throw  upon  th---    rotrtin^:  film.        The 
film  is  frstened  upon   the   outside    of  a   Arun  of 
about    four- inch  diameter,   ml  everything,    is   en- 
closed in  V    light-proof  cat-e.        There  is  :    shut- 
ter  in   the   latter   to   allow  the    film   to   be  exposed. 
The   oscillating  spot    or   li^.t   thrown  upon  a  rotat- 
ing film  pro  luces  a  wave    of  the  same    sh?-pe  es   the 
elfctric  wave  operating  the  vibrator,    if   the   speed 
of  the   drum  is   correctly    oot'r  ined.      A    shutter   in 
the    Do>:   of  the    instrument    is   opened,   ^  nd   pIIows 
the    beam  of  light   to   enter.        An  electrical  con- 
tact  is  m?  de   when  one   revolution  of  the   film  is 
complete,    closing  the   shutter.        In  taking  photo- 
graphs  of  tlie  current   v^aves  with  the   armature   short- 
circuited,   f  F    in   figs.    9,    10,    11  f-nd  12,    the  mid- 
dle vibrator  wa?   used   in   connection   with   the   cur- 
rent   furnished  by   the   magneto.        This    operated   the 
spot   of  light  which  gave  the  waves   shown  in  these 
figures.        After   the    :^ilm  was   exposed,    the   m.egneto 
was   stopped,    F.nd  the    film  was   rotated  again,  with 
the    spot   of   light  stationary  at   the   i.ero  position. 
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This    gpve   the    zero    line    shorrn  in  IheST   curves.      As 
thes  -i  curves    Ao  not    show   the   position  of   the  arme- 
ture   ft  ETi-'   tine,    they   Vv-oul:!   be   useless    for  com- 
parison.       But   r    special  timing-   device   was  made 
use   of  .As  the   contact  making  ■device   was  not  used 
in  taking'  the    short-circuit  v'aves,    it  V7as  used  as 
a  timing  device    to    rhov:    the   position  of  the   arma- 
ture   it  sTiy   desired  point    on  the    -ave  .        Also   it 
allows  the  waves   to  be    divided  up   into   degrees. 

To   operate  this  arrangement,    a    couple   of 
dry  cells  were  connected   in  series  with   a  second 
vibrator   and   all   attached   to    the   make   and   break 
device.        This  v;af:    set    so   ;  s  to   close  this   air>:il- 
iary  circuit   rhen  the   armature   was    in   its    zero  po- 
sition.       This  position   is   shown  clearly   on  log 
sheet  ITo.    1.        By  means   of  this   ar rrnger.ent    the 
different    cun'es   of  this    £T"oup   can  be  comptred, 
c.nd  all  cin   be   plotte"    together  on   one    sheet   as   a 
composite    diagrrm.   See  pages  42   and  43, 

Figures   9,    10,    11,    -  nd  12    show  ciu-ves   of 
the   current  with  the   rrmature   short-circuited.    The 
timing  device  was  used   to  shov   the  relative   posi- 
tions  or   th=    Jirmfture   v'ith  r  espect   to    the  peaks. 
These    four  curves  wer*^   all   taken  in  the   same   man- 
ner,   the   only   difference    being   in  the    speeds.    These 
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rr.ngs  from  7o  R.P.I!,    to   406  R.P.T1.      As    the   speed 
increases,    the  peak  £tows  higher,    shoring  an  in- 
crease  in   currant    developed.        But    this    is    rot 
proportional   to   the   speed.        At    a  speed   of  70 
R.P.F..    the  CTU'rent   maximum  i?   about    .9   of  an  am- 
pere,  while  at  a   speed   of  4o6  K.P.H.,    an   increase 
of  rbout    six   times,    the    current    only   increases 
to   l.i35  f'.mperes,    en  increase   of  about    one   and  a 
half   ti^.es.        Also   the    v.Bve    shape    changes  vrith 
the    change    in  speed.        As  the    vspeed  increases,    the 
wave    changes    from  a   long,    lov;  peaked  one,    to   a 
shorter   one  with  a    flf  tter   top.      The  relative 
speed   of  magneto   ani    drum  remained  the    seme,    at 
approximately  three   to    one.      See   log   sheet  V.o  A 
for  this   date.        The    timing  device    sbovs   that   as 
the    speed   increaned  the    maximxxm  vf  lue    of  current 
was   reached  a   little    sooner  thfn  rt    the   lo^-er 
speeds.     Also    thr t  at   the   higher  speeds  the    zero 
position  or'  the    nrmf^ture,    aG   shov.-n  on   log   sheet 
ITo.    1,    corresponded  more   nearl;-  with  the   zero   po- 
sition ot   til---   waves,    thr  n  rt    the   lower   rpeeds. 

?irures   l.",    14,    15   and  16   show  ciirves   of 
the   current    fromi   this   marneto,    using  the  mrke    and 
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break    device.        The   spe'?3.s   o  1"  the   imrn  an^    mau- 
noto  VTRT'    kept  constant   nt  l.'^8  H.P.i:.   an'  406 
R.P.M.    respectively.        Only    tho  position  of  the 
clos  tn£-   o^   the    circuit  was    chan£:ecl.      This  vrrie? 
through   180    Irgrees,    r,t'^rtin<;j  with  0  5e£'rees, 
40   iegrees    !:'rom   zero   position,    9'^    5.^g-rees    from 
zero   po:  it  ion,   end    14C    "leg-re  os    fron.   the    zero   po- 
sition.       As  the    speed  was   kept   constant,   the    cur- 
rent  ^•ennratea.   by  the  mrgrieto  was   cont'tant,    so  the 
waves   in   these    four   fimires   are  all   of  the   sane 
shape . 

Hovev-^r,    the   mpximuns   are  not   all   equal. 
This   is    iue   to    closing-   the   circuit    at    Afferent 
points   on   the   curve.         "'hese    curves  would   all  have 
the   sfre    shape    if    tiiey  were    continued.      The    straig:ht 
line   drop   on  the   rig'ht   side   of   each  wave   is   due 
to  the   current   felling  to    zero   ft  that  point  be- 
cause   the    circuit   was   open^^d  up   then. 

Therefore    these    ciu*ves  ere  useful   only 
to   show  when  the   best    time    to  ma^'e    and  brea  :  the 
circuit   is.        In  other  word's,    to  h^lp   in  tir.ing 
tho  nif.gr.eto.         In   figi^re   15   the  w::v-  m-kes   a   com- 
plete hr.lf   cycle    and  returns   to    zero   before   the 
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circuit   ifi   openeA.        as   thR   spar/;   is    obttinecl   when 
tne    circuit   is~>pene''.,    ml   rs    it   icp-rils   upon   the 
current   at   the  tirne   of  break,    it   is   rea-^ily   seen 
that   there  voul  I  be   a  very    snsli   spark  at   the 
tir.e   of  break.         In    fi£-ure    16,    where    the  position 
oi   armrture   rt   point  of    contact   is  4;,;  •degrees    from 
itc    zer-^   position,    the   break  occurs    r-t   the  maxi- 
mum vjlue    of  the    current,    or  rt    the  poak  of   tho 
T^ave  .        This  position   of  break   shouli  give  the 
hottest   an"!  most   effective   sp-r.-:.        In   figures   13 
ani  14,    the  mf^ximum  reachel   in   each   case    is   the 
same   as   in   fi^^ixre   16,    but   in  the    ^orrcer  cases   the 
break  comes   after    the    maximum  value    o*^'  current   has 
been  reached.        Ther^^fore    these  tvro    settings    of 
the   contact-nEkinp   ievice   fre  not    as   satisfactory 
as    the   one   in   figur  ;   16.         In    figure    16,    the  resiilt 
of  making  circuit   earl:,-    is  noticed.        The    current 
starts    out  negatively,    then  reverses    an  I  rises   to 
a  high  maximum,   vrhen   the  circuit   is  broken,    giving 
the   spark. 

To  obtc  in  the  .-;.!."..?.  curves  of  this  mag- 
neto the  circuit  had  to  be  changed  sorr.erhat.  The 
shunt   was    liscrrded,   and   a  high,   non-indixctive  re- 


15 
cirtanc-!,    cf  rbon   filar.ent    Irmps  7,ere   ueei   in   this 
c^  se  ,   WBP    introiiiceA  in  the   circuit.        Tl.e  con- 
tr.ct  m,'  Idnr  device  was   used   in   s    sep^rnte    circuit 
with   anoth-^r  vibrator  ti   inlicrte    tho   position  of 
tho   armr.tnre   with  r-?ference    to  the  peak  OT    the 
raves.        The   main  circuit   nor  rent    fr  im  the   nafa-iC- 
to   terminals  throu£:h  the  reslp-tance   to   the  middle 
vibrator   of   the    og  ci  11  o graph,   en^    br  ck   to  the   mag- 
neto.       "Thii"  rrr   ngement    gave  an  almost   true   K.!'.?. 
rave.        The    slight    Aistortion  was    lue    to   the    in- 
luctance    in  th'^    arm?  ture  .        The   frrrngenent  was 
kept   the   sane    for  these   four  curv^^s,    the   only  chang- 
es  being    in  the    spee:?s   o-^  the    irun  rr\\  mrgneto.    The 
former   rao  run  ft  approximately   one-third   the   speed 
of  the   m  jneto    for  all    curves.        The  m?  ke   rn^.  break 
device    shors   the   vr  lue    or   the   voitpge   -hen   the   ar- 
m  ture   rap    in   its    zero  position,  as   fhorn  on  log 
sheet  ITo.l.        v.herever   the  break  occurs   in  the 
tro   parallel  lines      t  the  top    of   the    film,    there 
the    armature   has   just  passe  I  through  its   zero  po- 
sition,  end    the   contact  was  closed.        As   there   are 
trc   sucn  positi.-ins    of    tne    armature    every  revolu- 
tion,   thor=!   are   tro    such  breaks  on   the   curve    sheet 
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for   a  complete   cycle  of  the  wave.        The  sane    ar- 
rcngenent   was   utili2;e^    in  taking;  tho   current   curves 
■.7ith  the    armature    short-circuitei. 

With  yn  increase    in   spee.i   of   the  magneto 
the   mrxinun  v  .lue   or   tiie    voltage    incref.ised.    The 
rave    became   more   peaked,   vn\  not   so   spread,   out 
on  its   "base.        In  other   worls,    it    shortened  up 
an?,   increased   in  height.        In   all   the   four   curves 
the    zero    ^f  the  wave    seems   to  be   the    same   angular 
distance  behinl  the   zero   position   of  the   armature. 
If   it  ^^^ere  not   for  the    inductance   in   the    armpture 
the    zero  would   come  et  the   zero   position  or  the 
armature,    because   vt   this  point   t.i^^  coil   is  not 
cutting   any   lines   of  force   of  the    mfgnets. 

At    r,   speed   of  72  K.P.K.    the  voltage    is 
5.5.      At  e    speed   of  411  R.P.I".    the  voltage    is 
7)7.5.      ?or   r,n   increase    o^'  nearly   six   tines   in   the 
speed,    tha  voltage    increr.se d  nearl;^    six  tires, 
shcving  thf  t  the    voltage    is   approximate Ij^  propor- 
tional  to   the    .speed   of  t  h'-   magneto. 

^studying  the  previous   statement   closely 
it  can  be    seen  that    for   high  speed  gj  s   engines 
the    foregoing  magneto   en   be   successfully  used, 
because   at  j    speed   of  only  411  R.P.M.    a   fairly 
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high  voltr-ge    rrrl   ciiri-ent  j  re   obtained.        ^nl  at 
the   high   npeeis  Ft   vrhich  th^   ongine  vilj.   riin,    the 
nr.£Tieto    will  rork  correspondingly   better.        But 
upon  entering  the   rield  oi   the   slor   speed    ntation- 
ary    engine,    litficultj'-   is  encountered   ;t   once. 
First,    in  order  to    start   the   engine,    the  magneto 
v.'oul  1  net  be  autfi  oii^nt ,    as   its  velocity  would 
not  be    great    enough  to  develop  a  su-fr'iciently 
large   voltfge  and  current.        '("hen ,    -.  t   the  highest 
rr.te    or  speed   of    the   engine   from  2'.)0   to   25'J  R.P.M. 
the   mrgneto   ttouII   not  be   rorking  efr'iciently  enough. 
Its  most   efficient    speed  ~ould  never  be   reached. 

So   resource   i?   hrr\    to     a  mrgneto   capable 
of  developing   its   ma.-;imur.  voltage    fnd   current    at 
all   tices,    inj'epeiident    of  the    speed   of  the    engine 
or  mrgneto.        auch  a  mfigneto    is  the  third  one  under 
test,    i-   tvo-bar   oscillating  megr.eto    o  ^'  the  plrne- 
tary   type,    actu-  ted    ay  a   c^  m   shaft   driven   ■  t  hrlf 
the   engin'^   speed  vorking  {^gainst   t    spring.      This 
spring   is   t  ;  move    the   inductor  throu£'h  the   second 
pr.rt    of  its   travel.        It   is  strong  enough  to  al- 
7'ays   keep    the    enl  of  the   inductor  up   against   the 
cam.        The    spring  is  used   to   furnish  a  me^ns  of 
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obtaining  the  maximum  voltage   rni   current,  r-t   all 
tines.        llo  matter   at   '/rhet    speed    thR  ctm  sh;  ft    is 
rot:^tin£-,   v/hen  the   spring  trips    thn   in luc t -)r   at 
the    brerk  in   the    Cf.ra,    the   lines   o:f  force  of  the 
nr.gneto    are   j  Iways   cut  it   the  gme    speei,    therefore 
developing    the   raaximum  voltrge   ?.  ni   current,      do, 
when   str.rting   the    engine,   no  mrtter  hov    slowly  it 
is   crc-nke'i,    the   sane  spark  v-ill   be   proin.ced  as   at 
the  high^^r  speeds.  Therefore,   no  batteries  rili 

hcve  to   be  used   in   str-rting  the   engine. 

?ull  ^et;  ils   of  thi?!  magneto   can   be    seen 
by  referring   to  the   bluR   print   acooinpariying  this. 
ITo   tests  wer--^   rim  on   the  pfanstiehl  type   or:'  oscil- 
lating mrgneto,    uut  the   percentage    of  total    flux 
that    was   utilized  war   determined. 

This  v;aE    found  to  be    inly    55  "o.        Thrt    is, 
only    bo%  of  the    totc.l  number   of  lines   of  force  of 
the   magneto  was   cut   'oj  the    coil   surroimding  the 
conductor.        This  percentage   was   increased    some- 
what  by   filing   off  the   sharp  edges  of   the  in5uct- 
ot.        This      increased  the   iiseful   flux    to   60;^i  of 
the    total   flux. 

Deciding  that  this  was  not   efficient   e- 
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nough,  p  M   also  thrt    the    magneto   w?.s  too  bulky,    mil 
thrt   the   ^i.esirr.    couli  be   improve:^   somewhat,    with 
t'xe    ail  of  Professor  h.    H.    Freeman,    T{eeA   of  the 
Electrical  department    --t   Armoxir    Institute,    r    new 
m;-£:neto  was    iesifnea,    biinf    smaller,    but   embody- 
ing the  same  principlps  as   the    form.er  m;.gneto  .Sev- 
eral  improvements  were    introlucea. ,    tenAinp   to  in- 
crease  its   efficiency,    by  lesseninj^  the  leal:£-e© 
flux.        Also,    several  changes  were  maie    to  improve 
the   mechanicrl   operation   of  the   magneto. 

This   Tesij^Ti   was  sent   to   the  Pf^nstiehl 
r;lactrical  Laboratories,    yorth  Ohieego,    ill.,    to 
be  male   up.        Upon  its   rf^ceipt   at  Armour  Insti- 
tute,   tests  v.'ere   ra^i  de    to    ;\etRrmir.-=    the  percentage 
of    the   totnl    flux  the  useful   flux  was. 

To    obtr-  in  the  useful   flux  nine    turns   of 
fine  wire   were  v.'ound   arouni  the   inductor   in   the 
sane   m;.nner   as    the   coil  "touI;!   b^  plfced,   Using  a 
fluxmeter,    the  useful    flxix   was   found   to  be   26,ii50 
rai.rvvells,    see    log  sheet   ITo .    7.        To    obtain   the 
totf  1    flux  nine    turns  of  the  s^me  wire   were  wound 
arcun"!    the   outside   edge    of   the    inductor,    in   the 
same  plr.ne  as   the   inductor.      Using  the   fluxmeter 
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the    arrangement   gave  the    totrl   fl\ix   to   be   43,340 
mp.xwells,    for    the   tvo    bar  mfgneto.      The   rr^tlo. 
of    the  useful    to    the   total    flux   g'  ve   a  percentage 
of  6c;. 3%. 

This   increase   in   efficisr.cy,    coupled.  Vv-ith 
the   improveT   mechanic'  1  fiPtures,    makes   the   new 
design  more    of  f    success  thrn  the  Pf-nstiehl  type. 
A  coil  of  Ilo.   23   ''oiiDle    cotton  cover/^d  wire   was 
wound  upon  a   oobbin  especi.':liy   made    for  this   mag- 
neto.     Aftfir   being  soaked  in  p;  r;  ffin,    ;  nd  allowed 
to    \ry ,    it   was   t'^>en   off  the   bobbin,    tc  ped ,    ani 
put  in  position  in    the   magneto.        a  ctm  v.-as  now  cut 
out    of  a  remind  piece    of  brass,  end  so  5 e signed   r.s  to 
allow   the    inductor   to    travel  the   proper    ''istanee 
for  one   complete   reversal  of  the   flur.   through  the 
coil.        This    distrnce    is    9/15   of  f-r    inch.        This 
cam  was   momited   on  a   shaft;   e  n\  driven  by   the    small 
motor  by    e   double    set    of   belts   through  a   reduction 
pulley.        Thus   a    slow   speed  could  be    oDtainod   at 
v.'hich   to   operate   the    cam,    togeti.er   witii  c-    Itr^-e   torque. 
The   magneto  was   pi;  ced  against   the    cam  so  that   the 
inductor  wa.^    mov'?d   by  means    of  the   upper  rod   through 
it.        A  small  hole  was   bore''    throiigh   tne  --nd  of  the 
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lovrer  roA,   mil  a    spirrl    sprino-  wa?   pttaohei   to 
it.        The    other    en3    of    tie    ^ring  was    f>stenei 
to    a   stationary  rod    boltpd   to    th«    trbla.      The 
magneto  ras  now   clempe  ^    in   thi?   position.   ITo 
matter   ct  fIip  t    spee:''    the    crm  was   a.riven,    the 
spring  would  pull    the    inductor   back    at    the    sane 
speod  every  tir.e.      ^o    the   deflection   or   the   spot 
of  light   in  the   oscillograph  was   always   the  sJine 
ior    the  sarr.e    setting  oi'  the  shunt    resistance. 

The   fpparrtus  was   connected  up   to  tf.l:e 
the  current    ourves   as  previously   described.    Two 
curves   were    trken,    shoiAn    in   figures   iilend  22. 
Figure    21    shoTs   ?    current   curve    t^^cen  rlth  the 
armature    short-circuited,        .^'igure   22   shov.s   the 
same    curve  with  the  addition  of   the  mr-rking  de- 
vice.       This  was   arranged  by  making  the  end   of 
the    inductor  rod   close    a  circuit  rhen  it  had 
reached   ti;e  end  of  its  travel  after  h^vir^  been 
tripped.        .'his  circuit  was    connected  to  another 
vibrator   on  the   oscillograph,    ar.  I  mov  ^d   another 
spot   of  lirht   on   the    film.        A  couple   o  "^^   dry 
cells   fumi?hed  the   necessary  current.        The 
break   in  the    top   line   o*'  figure    22   shows   just 
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lijw  much  after  the  inductor  was  tripped  that  iu 
reached  the  end  of  its  travel.    It  also  chows 
that  he  current  reached  a  mczzinvin   end  started 
to  decrease  "before  the  inductor  had  reached  the 
end  Ox  its  travel  after  beinf;  tripped.    There- 
fore, sone  device  could  be  attached  to  the  induct- 
or itself  to  constitute  a  maJce  end  break  device. 
The  best  tirae  to  break  a  circuit  lilce  this  in  or- 
der to  get  the  hottest  spark  is  v;hen  the  current 
is  at  its  maniaum  value.   As  the  inductor  is  ^till 
movine  when  the  pealr  of  the  v;ave  is  reached,  this 
device  could  easily  be  actuated  by  one  of  the  in- 
ductor rods. 

The  short-circuit  curve  as  ^iven  in  fig- 
ures 21  and  22  show  several  interesting  things, 
First,  the  current  rises  almost  instantaneous- 
ly to  the  mai-imuii  value  after  the  inductor  has 
been  tripped.   Then,  before  the  inductor  has  fin- 
ished its  tre-vel,  the  current  starts  to  drop  off 
again.   Froc  Fi^re  22,  it  can  be  seen  that  the 
current  reaches  its  maccirium  value  r/lien  the  ind.uct- 
or  has  completed  only  55,6fi  of  its  travel.   This 
shOT;s  that  in  the  first  part  o::  its  travel  the  in- 
ductor reverses  most  of  the  lines  of  force  through 
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the    coil,      i^he    curve    of   the   cam  was   perfectly   smooth 
ani   SiTumetricel.      Therefore   the  pe?k   in   the  wave 
'"hen  the   ghfi   was  moving  the    inductor  is  not  ±\ie 
to    the    shape    of  the  cam,    but    to   an   increased  flux 
dcn.sity  in  thrt    part   of  the    field.        The   maximum 
value  in   the    opposite    direction  Vv-as    .325   of  an 
ampere.        The  satne   number   of  lines   of  force   were 
cut  by  the   inductor   while   travelling-   in   each  di- 
rection,   tiierefore    the   area  under  each   curve   is 
the    sfir^e  .        But    hs  the   speed  of  the  inductor  was 
great'^r   in  one    direction  then   inthe  other,    one 
peak   of   the   wave    is  greater   than,    the   other. 

In  conclusion,    it   cf  n  Qe  sei''-    that,   from 
the    tests  which  we   made   and  have  previously  de- 
scribed,   the  new  type    "03"  Pfanstiehl  magneto 
shows   a   decided  i-piprivement   over   the   old  type 
"03"    for   stationary   gr  s  engines.        In  regard  to 
the   oscillatory  type    of  magneto,    our  results   shovr 
thf  t  it    is  hirhly  practical,   and  thxt  with  a   few 
improvements    it   can  be    made   e    very  efficient   ma- 
chine . 

— ?inis — 
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Old  Type  03  Pfanstiehl  Hagneto 
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Date  talcen:   May  2/15 


Place:  Dynamo  Lat.  A,I.T. 


Oscillograph  tests  on  Pfanstiehl,  old  tjrpe  03,  mal:e  and 

"break  masneto. 
Current  curves  for  various  positions  of  the  armature  at  the 
point  of  contact,  speed  of  magneto  rer.aining  constant. 


Speed  of 

Ha,gneto 

Speed  of 
Dinn 

Position  of 

/jraature 

Film 

Ho. 

222  R.P.Ii. 

75  R.P.Ii. 

90  from  0° 

1 

222  R.P.II. 

75  R.P.II. 

40°   "   0° 

2 

222  E.P.il. 

75  R.P.Ii. 

130°   "   0° 

3 

222  R.P.U. 

75  R.P.II, 

Zero  position 

4 

Zero  position  of 
Arm. at  pt.of  cont. 


Old  Typo  03  Magneto, 
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Pig.  1. 
Current  Curve.  speed  of  Mag,  222  R.P.M. 

Position  of  Armature  at  point  of  contact  130°  from  0°. 


Pig.  2, 
Current  Curve,  Speed  of  Mag.  222  R,P,M, 

o 

Position  of  Armature  at  point  of  contact  0. 


Old  Type  C3  Magneto, 
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Pig.  3, 


Current  Curve,  Speed  of  Mag.  222  R.P.M, 

o  o 

Position  of  Armature  at  point  of  contaot  90  from  0. 


Pig.  4. 
Current  Curve,  Speed  of  Mag,  222  R.P.M^ 

o  _o 

Position  of  Armature  at  point  of  contact  40  from  0, 


Log  Sheet  ITo.2 
Old  TjTpe  03,   Pfenstiehl  IJiagneto 
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Date  taken:   liay  9.1915 


Place:   Dynamo  Lab. A. I, T. 


Speed 

of 

Magneto 

404  R 

.P.L 
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II 

60 

It 

60 

It 

60 

It 

Position 

of 
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130°   from 

0° 

90°       " 

0 

0 

40 

0 

Zero  pos. 

130°  from 

0 

90°       " 

0 

0 

40          " 

0 

Zero  pos. 

130°  from 

0 

90°       " 

0 

0 

40          " 

0 

Zero  pos. 

130°  from 

0 

90°       " 

0 

40°       " 

0 

Zero  pos. 

Current 

Deflec 
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1,2  inches 
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0.75 

It 
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II 

0.80 

n 
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II 
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II 
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n 

0.60 

11 
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n 
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26 


. 

ig^i^ii 

■ 

n 

i^ 

SBH 

H 

Id 

Ka^'>jS'^«ir 

^r^^l 

■ 

■ 

■ 

1 

1 

■ 

1 

I 

■ 

a/^p^-^ 


^^at^j^md  tare,  \  d/  ^ 


■ 

P^ 

•3  . 

-'^ 



i    -    ; 

Tfff 

y/y 

TTTi 

y^   ^ 

^erdiy? 


'^ 

i- 

-i- ::_i-_- 

O.OSrr 





JJ^fe^feN^' 


fh^ero  jpo 


0  "" 


Log  Sheet  Ho.  3  27 

Old  Tsrpe  C3  Pfanstiehl  Llagneto 
Date  taken:  Hay  12,  1915     Place:  Dynamo  Lab.  A. I.T, 

Current  curves  for  various  speeds  v/hen  armature  is 
short-circuited , 

Speed  of  Hagneto  Speed  of  Drum  Pila  ITo. 

410  R.P.il.         120  R.p.::.         1 

EE4   "  80   "  2 

122   "  48   "  3 

58   "  35   "  4 

Calibration  of  current 

1.05"      deflection        =      0.26     araperes. 


%^ 


'\ 


Old  Type  03  Magneto, 
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rig.  5. 

Current  Curve  when  Armature  is  short-circuited. 
Speed  of  Magneto  122R,P,M, 


Fig.  6. 
Current  Curve  when  Armature  Is  short-circuited. 

Speed  of  magneto  58  R,P,M. 


/ 


Old  Type  C3  Magneto. 


Pig.  7. 
Current  Curve  when  Armature  1b  short^^lroulted. 

Speed  of  Magneto  410  R.P.M, 


Pig,  B. 
Current  Curve  when  Armature  is  short-circuited. 

Speed  of  Magneto  224  R.P.M, 


Log  Sheet  Ho.   4  30 

lew  Type     C3,  Pfanstiehl     Llagneto 

Date  taken:      Ilsy  14 ,  ^  15  Place:   Dynamo  Lab.   A.I.T 

Current   curves  for  various  speeds  when  aitnature  is 
short-circuited. 


Speed 

of 

Sp 

eed 

of 

Film 

Llagnei 

.P.II. 

I 

75 

irura 

,11, 

Ho. 

219   E, 

R.P, 

1 

106 

It 

40 

n 

2 

70 

n 

38 

11 

3 

406 

\^ 

136 

n 

4 

For  D.C.    ciirve,  contact  made   at  zero  position  of  the 
armature . 


New  Type  G3  Magnetp. 
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Fig.  9. 
Current  Curve  when  Armature  ia  short-^irouited. 

Speed  of  Magneto  219  R.P.M.  With  Timing  Device. 


Pig.  10. 
Current  Curve  when  Armature  ia  short-oirouited. 

Speed  of  Magneto  106  R.P.M.   With  Timing  Device, 


Naw  Type  03  Magneto. 
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Fig.  11. 
Current  Curve  when  Armature  is  short-olrouited. 

Speed  of  Magnetp  70  R.P.M.   With  Timing  Device. 


^o 


Pig.  12. 
Current  Curve  when  Armature  is  ahort-oiroulted. 

Speed  of  Magneto  406  R.P.M.   With  Timing  Device. 


Log  Sheet  IIo.5  35 

Uew  Type  C3      Pfanstiehl  Uagneto 

Date  taken:  May  14,  '15    Place:  Dynamo  Lab, A. I. T, 

Current  curves  for  various  positions  of  the  armature  at 
the  point  of  contact,  speed  of  ma^eto  reraaining  con- 
stant . 


Speed  of 

Speed  of 

Position  of 

Pilm  ITo. 

Ilagneto 

Dram 

Ami  a  tare 

406  R.P.LI. 

138   R.P.il. 

Zero 

Position 

1 

406        " 

T1                     IT 

40° 

fron   0° 

2 

406        " 

n             u 

90° 

"      0° 

5 

406        " 

«             II 

140° 

"      0° 

4 

Calihration  of  current - 

1.505  amp.   =   1.35"   deflection. 


Mew  Type  C3  Magneto, 
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Pig.  13. 
Current  Curve,  Speed  of  Mag,  406  R.P.M. 

Position  of  Armature  at  point  of  contact  90  from  ot 


Fig.  14. 
Current  Curve,  speed  of  Mag.  406  R.P.M, 

Position  of  Armature  at  point  of  contact  140  from  0. 


Hew  Type  03  Magneto, 
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Fig.  15. 


Current  Curve.  Speed  of  Mag.  406  R.P.M, 

Position  of  Armature  at  point  of  contact  o'. 


Pig.  16. 
Current  curve,  speed  of  Mag.  406  H.P.M. 

Position  of  Armature  at  point  of  contact  40°  from  0*. 


Los  Sheet  lie.  6  -^ 
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Hev;  Type  03    Pfanstiehl  Ilacneto 
Date  taken:   Hay  14,  '15     Place:  Dynamo  Lat).  A.I.T 

E.M.P,  curves  for  various  speeds, 
lion- inductive  resistance  in  circuit. 


Speed  of 

Speed  of 

Film 

IJagneto 

Drum 

So- 

411  R.P.II. 

135  E.P.il. 

1 

227 

75 

2 

112   " 

42 

3 

72 

36 

4 

Calibration  of  Volts.ge 

30.5  volts    =   1.25"   deflection 


New  Type  C3  Magneto. 
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Fig.  17. 
E.M.F.  Curve,  Speed  of  Mag.  411  R.P.M, 

Non-ind.  Res.  in  oiroult.   With  Timing  Device. 


Fig.  13. 
E.M.K.  Curve.  Speed  of  Mag.  227  R.P.M, 

Nonwind.  Res,  in  oiroult.   With  Timing  Device, 


New  Type  C3  Magneto, 
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E.M,P,  Curve, 
Nonulnd.Rea.in  circuit. 


Fig,  19, 


Speed  of  Mag,  112  R.P.M, 
With  Timing  Device, 


E,M,P.  Curve, 
Non-ind,Res,in  circuit. 


Pig.  20, 


Speed  of  Mag,  72  R,P,m, 
With  Timing  Device, 


/^ 


Log  Sheet  ITo,    7 
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Oscillating  Llagneto 
Date   taJ-en:      Llay  16,1915  Place:    Synsjao   Lat) .   A.I.T. 


Useful  Pltu: 
ilo.    of  turns   of  v/ire  used  =     9 


deflections 

30  to  18     =  4800  Majcwells 


for  99  turns 


25  to 

24 

B 

49  00             " 

27   to 

22 

= 

4900            " 

29   to 

20 

= 

4900             " 

35   to 

15 

= 

4800            " 

37   to 

12 

= 

4900            " 

41   to 

8 

S 

4900             " 

Average 

4900            " 

4900  : 

:   11    = 

55900 
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-Total  Plu^:- 
i:o.  of  turns  of  -.vire  used  =  9. 
deflections: 

0  to  41  =  4100  IJaxv/ells  for  99  turns 

0  to  40  =  4000    "  "    "    " 

10  to  29  =  3900    "  "    "    " 

15  to  22  •  3700    "  "    "    " 

25  to  15  =  4000    "  "    "    " 


Average   3940    "  "  "   " 

3940  x  11  =   45,340  "  "  "    " 

Useful  flu^:  is   2695^  x  100  -  62.3  p  of  total  flux 
43340 
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Oscillating  Llagneto 

Date  taken:   Hay  16,  '15  Place:  Dynamo  LaTj.A.I.T, 

ITo.  of  Speed  of       Film 

Oscillations  Drum         Ho . 

IBO  44  P.. P. LI.      1 

120  44   "         E 

lEO  44   "         3 

CTirve  llo.  3  shov7S  position  of  treak 


Calibration  of  Current. 

0.515  amperes  =  1"   deflection. 
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Oscillating  Magneto* 
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Pig.  SI. 
Current  Curve  of  Oscillating  Mag, 

Armature  short-'cirouited.   Speed  of  Mag,  120  Oscillations, 


Fig.22, 
Current  Curve  of  Oscillating  Mag,   Showing  pos,  of  Ind , 

Armature  short-circuited,   cspeed  of  Mag,  120  Oscillations, 
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